Quail egg production has experienced a steep rise in the last decade. Nutrition is the main factor affecting productive potential in the poultry industry, as appropriate nutritional management is necessary to ensure the maintenance of optimal physical conditions, growth and the production of high quality products. Meat and bone meal (MBM) has often been used in the poultry industry as an alternative and cost-effective source of protein in partial replacement of corn and soybean meal. However, there have been no studies to date that have investigated the effect of dietary MBM on the performance of quail or on the costs of production in the starter phase. This is particularly important considering that this phase is characterized by large investments by producers, without immediate economic return. In this study, we investigated whether partial replacement of soybean meal (SBM) by meat and bone meal (MBM) in the diet of Japanese quail during the starter phase is a viable alternative that would maintain or improve their productive and economic performance. Our results show that the inclusion of MBM in the diet of quail reduces feeding costs by up to 6% without impairing productive performance.
INTRODUCTION
Quail egg production has experienced a steep rise in the last decade. Fast growth rates, early sexual maturity, high longevity and lower production costs compared to those of laying hens are all contributing factors to this trend (Pastore et al. 2012) .
Nutrition is the main factor affecting productive potential in the poultry industry, as appropriate nutritional management is necessary to ensure the maintenance of optimal physical conditions, growth and the production of high quality products (Costa et al. 2010) . However, because the price of feed is also the main determinant of production costs (approximately 70% of overall production costs), the investigation of diets promoting high product quality at reduced cost has been a constant target of research (Embrapa Meio-Norte 2007) .
Meat and bone meal (MBM) has often been used in the poultry industry as an alternative and costeffective source of protein in partial replacement of corn and soybean meal, the main raw materials used in bird diets. MBM (a byproduct of bovine meat production) is not only cheaper, but also a source of crude protein content (ranging from 35 to 55%) as well as of calcium and high availability phosphorous. This is particularly important considering that phosphorous is the third limiting factor relative to the cost of feed formulations (Campestrini 2005) . MBM has also been shown to improve odor, texture and palatability of diets when used within appropriate nutritional thresholds (Lessire et al. 1985 , Martosiswoyo and Jensen 1988 , Jensen 1991 , Dale 1997 .
Quail use corn and soybean meal energy similarly to broilers and laying hens. However, the nutritional requirements of quail are different (Silva et al. 2012) , as their protein requirement is higher than that of broilers, resulting in a higher feeding cost per unit of product (Silva et al. 2012 ). Thus, partial replacement of corn and soybean meal by MBM in the diet of quail could be a viable mean of ensuring an appropriate diet at reduced cost. To our knowledge, however, there have been no studies to date that have investigated the effect of dietary MBM on the performance of quail or on the costs of production in the starter phase. This is particularly important considering that this phase is characterized by large investments by producers, without immediate economic return. Ensuring appropriate development and growth during the starter phase is also critical for optimal productive performance in the long-term.
In this study we investigate whether partial replacement of soybean meal (SBM) by meat and bone meal (MBM) in the diet of Japanese quail during the starter phase is a viable alternative that would maintain or improve their productive and economic performance. Our results show that the inclusion of MBM in the diet of quail reduces feeding costs by up to 6% without impairing productive performance.
MATERIALS AND METHODS
The experiment was conducted in a poultry shed of the Agência Paulista de Tecnologia em Agronegócios, in Brotas, São Paulo, Brazil, in order to evaluate the effect of different levels of partial replacement of soybean meal (SBM) by meat and bone meal (MBM) in the diet of Japanese quail during the starter phase (1-35 days old). Seven hundred and twenty, 1-day-old quail were housed in a shed measuring 3.0 x 12.0 m, containing 24 boxes suitable for rearing at this stage. The 1.0 m 2 boxes were equipped with feeders and waterers (pressure cup type). The quail, housed 30 per box, were heated with infrared lamps until 21 days of age in order to provide the proper temperature. The quail were subjected to identical conditions of management and feeding, with water and feed ad libitum. At seven days of age, the birds were vaccinated against Newcastle disease and at 21 days against fowlpox. The lighting program used was one of 23 h of light in the fi rst week and then natural light until 35 days of age.
All procedures were carried out according to the international practices for animal use and care under the control of an internal committee of the Institute of Animal Science, São Paulo, Brazil.
The experimental design was completely randomized, with six experimental treatments, four replications and 30 animals per replication (Table I) .
The experimental diets (Table II) were all isonutritive and formulated on the basis of corn and soybean meal as the raw materials, with levels of protein, calcium, phosphorus, metabolizable energy and amino acids established by Rostagno and Albino (2005) in order to meet the nutrient requirements of quail.
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The MBM was analyzed bromatologically and contained 93.75% dry matter (DM), 45.75% crude protein (CP), 8.43% ether extract (EE), and 48.17% mineral matter (MM). MBM was added to the experimental diets according to the treatment used.
The production characteristics evaluated weekly, were weight gain (g), feed intake (g), feed conversion (FC) and mortality.
Statistical analysis by ANOVA and contrasts between treatment means by the Tukey test at 5% were carried out with aid of the computer package Sisvar as described by Ferreira (2011). Economic performance was evaluated by using the price per kilogram of feed of each treatment, multiplied by the average amount of feed consumed by the quail until 35 days of age and added to the price of the 
RESULTS AND DISCUSSION
Minimum (21.1 °C) and maximum (27.8 °C) temperatures in the experimental shed were within the thermal comfort zone for Japanese quail in all treatments (Table III ). There were, however, no signifi cant differences (p > 0.05) among treatments for any of the performance variables (Table III) . Our observation that the inclusion of MBM did not impair the performance of quail is consistent with a previous fi nding based on the use of this feed in partial replacement of corn and soybean meal in the diet of broilers (Bozkurt et al. 2004) , where the authors observed no deleterious effect on either, performance or mortality. Similarly, Silva and Brandão (2011) have recently observed an increase in performance following the partial replacement of corn and soybean meal in the diet of quail during the starter phase. However, these authors used blood meal as the alternative feed source, as opposed to MBM. Our study is therefore the fi rst to show that MBM can partially replace corn and soybean meal for quail during the starter phase without any impairment in performance -a fi nding still controversial in other bird production systems such as that of broilers (Faria Filho et al. 2002) .
We also analyzed differences in the cost of the experimental diets, as measured per kilogram of feed and per bird (Table IV) .
Our results showed the existence of economic benefi ts in formulating feed for quail during the initial phase with MBM in partial substitution of soybean meal, compared to feed formulated only with soybean meal as the main protein source.
The results emphasize the notion that a reduction in the cost of food is closely related to the use of dietary nutrients, in this case effectively replacing soybean meal and dicalcium phosphate, which are the most expensive ingredients in the formulation of diets. Incorporation of MBM in the quail diet at a level of 3% resulted in an average reduction of up to 6% in the cost of feed, allowing savings of up to US$0.00072/day/bird, or US$0.026/bird over the 35 days comprising the starter period. For production plants with 25,000 to 150,000 birds, this could represent a saving of approximately US$650 to US$3,900 during this period. It is possible to incorporate MBM as a replacement for soybean meal in starter phase diets for quail at levels as high as 5% without loss in productive performance. Taking into account the price per bird and the individual cost of feed, this replacement represents savings of up to 6% of the diet cost during this phase.
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RESUMO
A produção de ovos de codorna tem experimentado um aumento acentuado na última década. A nutrição é o principal fator que afeta o potencial produtivo na indústria de aves, assim como o manejo nutricional adequado é necessário para garantir a manutenção das condições físicas ideais, crescimento e produção de produtos de alta qualidade. A farinha de carne e ossos (FCO) tem sido frequentemente utilizada na indústria avícola como uma fonte alternativa e de baixo custo de proteína em substituição parcial do farelo de milho e soja. No entanto, até esta data, não houve estudos que tinham investigado o efeito da dieta FCO sobre o desempenho de codornas ou sobre os custos de produção na fase inicial de criação. Isto é particularmente importante tendo em vista que esta fase é caracterizada por grandes investimentos por parte dos produtores, sem retorno econômico imediato. Neste estudo, nós investigamos se a substituição parcial do farelo de soja (FS) por farinha de carne e ossos (FCO) na dieta de codornas japonesas durante a fase inicial de criação é uma alternativa viável que venha a manter ou melhorar o seu desempenho produtivo e econômico. Nossos resultados mostram que a inclusão da FCO na dieta de codornas reduz os custos de alimentação por até 6% sem prejudicar o desempenho produtivo.
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